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1
FRAME ACCURATE SPLICING

TECHNICAL FIELD

This document generally relates to splicing compressed >
video 1nto a single presentation.

BACKGROUND

In the past, multimedia content presentations, such as 10
television programs, are formatted to include segments of
primary media content (1.e., the television show) and empty
segments 1 which secondary content such as station i1den-
tifiers, news updates, location or region specific content, and
other content can be inserted. Insertion was performed by 15
changing transmitting the secondary content during an
appropriate time relevant to the primary media content. As
streaming digital media has become more common, com-
pression based file formats for storing and transmaitting video
data have been developed. 20

SUMMARY

This document describes techniques, methods, systems,
and other mechanisms for splicing two segments of com- 25
pressed video data to provide a single video presentation on
a display device. The techniques, methods, systems, and
other mechanisms described herein include processes for
altering imnformation associated with one or more frames of
a first compressed video file to allow for accurate rendering 30
of frames within the first compressed video file prior to a
transition to a second compressed video file. In some 1mple-
mentations, time stamp 1information for one or more frames
of a compressed video file 1s altered. For example, a time
stamp ol a particular frame of a compressed video file 1s 35
altered prior to transmission of the particular frame by a
video transmission system such that the altered time stamp
indicates a time that has already passed. The particular frame
can be decoded by a display system that receives the
particular frame so that information mcluded 1n the particu- 40
lar frame can be used 1n rendering of subsequently received
frames. After the subsequent frame that depends on the
particular frame for accurate rendering has been transmaitted,
the video transmission system can begin transmitting frames
for a second compressed video file. The altered time stamp 45
for the particular frame indicating a time 1n the past indicates
to the display system that the particular frame has already
been presented and should not be presented again even i1 the
particular frame had not actually been previously presented
by the display system. The display system therefore 50
bypasses display of the particular frame, but 1s able to use
information 1ncluded 1n the particular frame to render the
subsequently recerved frame. After presentation of the sub-
sequently received frame, the display system begins to
display frames from the second compressed video file 55
according to presentation time stamps for the frames of the
second compressed video files.

In general, one 1nnovative aspect of the subject matter
described 1n this specification can be embodied 1n a com-
puting device having a memory storing data and instructions 60
and one or more processors that execute instructions stored
on the memory. The mstructions can cause the one or more
processors to execute instructions that perform actions
including receiving, by a computing system, first com-
pressed video content; receiving, by the computing system, 65
second compressed video content; 1dentifying, by the com-
puting system, a splice point for the first compressed video

2

content; identifying a particular frame in the first com-
pressed video content that precedes the splice point; deter-
mining that the particular frame depends on information
included 1n a subsequent frame of the first compressed video
content that 1s after the splice point; altering, by the com-
puting system and in response to determining that the
particular frame depends on information included in the
subsequent frame, time stamp mformation of the subsequent
frame; and transmitting, by the computing system and to a
video presentation system, the particular frame, the subse-
quent frame along with the altered time stamp information,
and at least a portion of the second compressed video
content.

These and other embodiments can each optionally include
one or more of the following features. Altering the time
stamp information of the subsequent frame can include
reading a presentation time stamp value associated with the
subsequent frame; subtracting a particular value from the
presentation time stamp value; storing the resulting value of
subtracting the particular value from the presentation time
stamp value as a new presentation time stamp for the
subsequent frame. The particular value can be between 5 ms
and 150 m. The particular value can be approximately 20
ms. The particular value can be determined based on one or
more characteristics of a frame bufler of the video presen-
tation system. The one or more characteristics of the frame
bufler can 1include an amount of time that the video presen-
tation system retains decoded frames in the frame buliler.
Transmitting the particular frame, the subsequent frame
along with the altered time stamp information, and at least
a portion of the second compressed video content comprises
transmitting the subsequent frame prior to the particular
frame and transmitting the at least a portion of the second
compressed video content after the particular frame.

The computing system can identify a second splice point
for the second compressed video content. The computing
system can 1dentily an additional frame in the second
compressed video content that 1s after the second splice
point. The computing system can determine that the addi-
tional frame depends on mmformation included in a preceding
frame of the second compressed video content that 1s belfore
the second splice point. The computing system can alter time
stamp information of the preceding frame. The computing
system can alter the time stamp 1n response to determining
that the additional frame depends on information imncluded in
the preceding frame, and prior to transmitting the particular
frame, the subsequent frame along with the altered time
stamp information, and at least a portion of the second
compressed video content. The at least the portion of the
second compressed video can include the additional frame
and the preceding frame.

Particular embodiments of the subject matter described 1n
this specification can be implemented so as to realize one or
more of the following advantages. A video presentation can
be created from two or more compressed video files without
requiring the mdividual video files to be decompressed and
recompressed. All of the information needed to decode and
display a frame of a compressed video file that relies 1n
information 1n a subsequent frame and that 1s to be displayed
prior to a splice point with another video can be provided to
a display system without requiring the subsequent frame to
be displayed. A frame that relies on information from a
subsequent frame to be decoded and displayed can be
transmitted to, decoded by, and displayed by a video display
system without requiring the frame to be decoded and
re-encoded as a different type of frame. A compressed video
transmission system can transmit portions of compressed
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video files that are spliced together to create a single video
presentation without having to convert B-frames from the
first compressed video that are to be presented just prior to
the splice point to I-frames or P-frames. Prevents loss of
content necessary for rendering one or more frames prior to
a splice point 1n a combined video presentation that rely on
information included 1n frames located after the splice point
in an original video file on which the combined video
presentation 1s based. Avoids presentation of frames located
alter a splice point 1n an original video file on which a
combined video presentation 1s based while ensuring that the
information included 1n those frames 1s available for decod-
ing of other frames.

Other features, aspects, and advantages of the subject
matter will become apparent from the description, the draw-
ings, and the claims.

BRIEF DESCRIPTION OF THE

DRAWINGS

FIG. 1 1s a block diagram of an example system for
splicing compressed video files for presentation as a single
video presentation.

FIG. 2A illustrates an example frame display sequence for
a primary content compressed video file.

FIG. 2B illustrates an example frame display sequence for
a secondary content compressed video file.

FIG. 2C illustrates an example Irame transmission
sequence for a combined video made up of frames from two
different compressed video files.

FIG. 3 1s a flow diagram of an example process for
splicing compressed video files.

FIG. 4 1s a schematic diagram ol an example of a
computer system that may be used to implement the systems
and methods described 1n this document.

Like reference numbers and designations 1n the various
drawings indicate like elements.

DETAILED DESCRIPTION

Video compression allows for video content to be stored
and transmitted more efliciently while using less resources.
For example, transmitting video 1n a compressed format
frees up more data transmission resources than transmission
ol non-compressed video, thereby freeing up resources for
transmission of additional video content or transmission to
a larger number of recipient devices. Examples of video
compression formats nclude standards set by the Moving
Picture Experts Group (MPEG) often referred to as “MPEG”™
formats. Examples of MPEG formats used in a variety of
applications include the MPEG-2 formats and the MPEG-4
formats.

In some compressed video formats (such as, for example,
the H.264/MPEG-4 AVC (MPEG-4 Part 10) format) some
frames of a compressed video are entirely or partly inter-
ceded, 1.e., the frames are rendered using information
derived from other frames in the compressed video as
reference. In some video formats, frames can be classified
according to 1f they are inter-coded or intra-coded (non-
inter-coded) frames. An intra-coded frame or Intra-frame
(often abbreviated as “I-frame”) can be decoded indepen-
dently of any other frames 1n a compressed video. In other
words, all of the mmformation necessary for rendering an
[-frame 1s contained within the I-frame 1tself and rendering
of the I-frame does not require information from other
frames.

Furthermore, inter-coded frames (frames that require
information from one or more other frames to be decoded)
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can be divided into two classifications: Predicted-frames
(of

ten abbreviated as “P-frames™) and Bidirectional-frames
(often abbreviated as “B-frames™). P-frames can improve
compression by exploiting the temporal (over time) redun-
dancy 1 a video. A P-frame stores only the difference 1n
image from the frame (either an I-frame or P-frame) imme-
diately preceding it (this reference frame 1s sometimes
referred to as an “anchor frame™). A display system receiv-
ing a P-frame uses information included 1n the anchor frame
along with the difference 1n 1image information included 1n
the P-frame itself to render the P-frame.

B-frames are similar to P-frames in that they are also
inter-coded frames and can improve compression by exploit-
ing temporal redundancy in a video. However, B-frames rely
on information included in both a prior frame and subse-
quent frame for decoding (e.g., the B-frame relies on two
anchor frames). The B-frame relies on both information
included 1n the prior frame and the subsequent frame along
with difference information included in the B-frame itself. A
display system rendering a B-frame must therefore decode
the next I-frame or P-frame that sequentially follows the
B-frame 1n the video before the B-frame can be decoded and
displayed. In some implementations, the B-frame relies on
only information from a subsequent frame 1n the compressed
video and does not rely on information from a prior iframe
in the compressed video.

In some video compression formats, frames have one or
more associated time stamps. For example, a frame 1n a
compressed video can have an associated presentation time
stamp (“P1S”) and/or an associated decoding time stamp
(“DTS”). In some implementations, the PTS and DTS are
oflset values from a reference starting time (such as the
beginning of a video). The PIS can identily the order in
which frames are to be presented by a video display system
by 1dentitying times at which the frames are to be displayed.
PTS values can also be used to determine when data can be
discarded from a bufler storing received frames. The DTSs
for frames 1n a compressed video 1dentity the order 1n which
frames are to be decoded by 1dentitying times at which the
frames are to be decoded.

In video compression formats that utilize B-frames, the
DTS and PTS for some frames may differ. That 1s the order
in which frames of a compressed video are to be decom-
pressed differs from the order in which the frames of the
compressed video are to be displayed. This 1s because a
B-frame relies on information included 1n a frame that 1s to
be displayed after the B-frame. For example, suppose that
frames 4 and 7 of a compressed video are I-frames while
frame 5 of the compressed video 1s a B-frame. Frame 5 may
rely on information included in both frames 4 and 7 to be
decoded and displayed. Thus, the video display system
displaying the compressed video must decode frame 7 prior
to decoding frame 5 even though frame 7 1s to be displayed
after frame 5. In this example, frame 7 would include a DTS
that 1s earlier than the DTS for frame 5 so that frame 7 1s
decoded prior to frame 5. Decoding frame 7 prior to frame
5 ensures that the information included in frame 7 1s
available for use 1n decoding and rendering frame 5. In this
example, frame 7 would have a PTS that 1s later than the
PTS for frame 5 (and frame 6) because frame 7 1s to be
presented alter frame 5.

In some implementations, frames in a compressed video
may be associated with a PTS but not with a DTS. For
example, in some video compression formats, the frames are
decoded in the order in which they are received and are
presented in the order determined by the PTS of each frame.
For example, a video stream might include frames 1, 2, 3, 4,
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and 5 that are to be presented 1n numerical order. Each of
frames 1, 2, 3, 4, and 5 have an associated PTS that
collectively 1dentity that frames 1, 2, 3, 4, and 5 are to be
displayed 1n in the order: 1, 2, 3, 4, 5. In this example,
assume frame 3 1s a B-frame that relies on frame 4 for at
least some information. A video transmitting system that
transmits the frames of the compressed video can transmit
the frames 1n the order: 1, 2, 4, 3, 5. The video display
system decodes the frames in the order received and there-
fore frame 4 1s decoded prior to frame 3 which makes the
information included in frame 4 available for use 1n decod-
ing and rendering frame 3. However, the frames are pre-
sented 1n the order identified by the respective PTSs of the
frames. In this example, the frames are stored in a frame
bufler after they are decoded. Therefore, frame 4 can be
decoded prior to frame 3 and the decoded frame 4 1s stored
in the frame bufler. The decoded frame 4 1s therefore
available for use 1 decoding frame 3, which 1s then stored
in the frame bufler in its decoded format. The video display
system can then retrieve frames 3 and frame 4 from the
frame bufler for presentation in the order dictated by the
respective PTSs of the frames.

Turning to FIG. 1, a block diagram of an example system
100 for splicing video content 1s depicted. In general, a data
processing system such as a content server 102 can receive
compressed video content from various sources and provide
different segments of video content to video display systems
for presentation as a single video presentation to users of the
video display systems. In the example shown, the content
server 102 receives primary video content 104 from a
primary content provider 106 and secondary video content
108 from a secondary video content provider 110.

In the 1llustrated example, the content server 102 receives
one or more primary video content segments 104 that are
provided by a primary content provider 106. In some 1mple-
mentations, the primary video content 104 can be live or
pre-recorded television programs, streaming video content,
movies, or any other appropriate video media content. In this
example, the primary video content 104 1s compressed video
content stored in a compressed video format such as, for

example, MPEG-2 (sometimes referred to as H.262),
MPEG-2.2 (1.e. MPEG-2 Part 2, also known as ISO/IEC

13818-2), MPEG-4, MPEG4 part 10, ITU-T H.264 (some-
times referred to as Advanced Video Codec (AVC), ISO/IEC
14496-10, MPEG-4 Part 10 Advanced Video Coding, or
Joint Video Team (NT)). In some implementations, the
primary video content 104 includes a series of I-frames,
P-frames, and B-frames that can be decoded by a display
system to display the primary video content 104.

The content server 102 receives one or more secondary
video content segments 108 from the secondary wvideo
content provider 110. The secondary video content 108 can
also be stored 1n a compressed video format such as those
discussed above with respect to the primary video content
104. In some 1mplementations, the primary video content
104 represents content that 1s intended for a wider audience
ol users while the secondary video content 108 1s content
that 1s intended for a smaller subset of users. For example,
the primary video content 104 can be a television program
intended for a national audience while the secondary video
content 108 can be content that 1s distributed (e.g., trans-
mitted) specifically to a particular geographic region or
locality (e.g., a country, state, or city). For example, the
primary video content 104 can be a national news program
while the secondary video content 108 1s a regional news
segment or weather forecast. As another example, the pri-
mary content 104 can be a program about national sports
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leagues while the secondary video content 108 contains
information on local sports teams (e.g., local high school
sports). As yet another example, the primary video content
104 can be a comedy program while the secondary video
content 108 1s a promotion for a local business that is
specific to a geographic region where the business 1s located.
In each of these examples, the secondary video content 108
that 1s distributed to different geographic regions at any
specific time can include different presentation content.

In some implementations, the primary video content 104
1s longer form content while the secondary video content
108 1s shorter form content. For example, the primary video
content 104 can be an hour long program while the second-
ary video content 108 can be a series of shorter one minute
videos. In some implementations, the primary video content
104 and the secondary video content 108 are the same
relative type of content. For example, both the primary video
content 104 and the secondary video content 108 may be ten
minute documentaries that are presented one aiter the other.

The content server 102 splices together the primary video
content 104 with the secondary video content 108 to gen-
erate a combined video presentation 112. For example, the
content server 102 can splice the secondary video content
108 onto the end of the primary video content 104 such that
after the last frame of the primary video content 104 1is
displayed, the first frame of the secondary video content 108
1s displayed. In some implementations, rather than splicing
the secondary video content 108 onto the end of the primary
video content 104, the content server 102 splices some or all
of the secondary video content 108 with a portion of the
primary video content 104 at a splice point identified within
the primary video content 104. The content server 102 can
splice the primary video content 104 with the secondary
video content 108 such that the combined video presentation
112 begins by showing a portion of the primary video
content 104 and switches to presenting all or a portion of the
secondary video content 108 at a designated splice point.
The portion of the secondary video content 108 that is
included in the combined video presentation 112 can start at
the beginming of the secondary video content 108, or can
start at a splice point identified within the secondary video
content 108. Numerous techniques for identifying splice
points within the primary video content 104 and the sec-
ondary video content 108 are known 1n the art, and therefore
not discussed 1n this document.

The combined video presentation 112 1s then transmitted
to display systems for presentation to viewers through
distribution channels such as a series of one or more
communications networks. For example, the content server
102 can provide transmit the combined video presentation
112 to a television system 114 that includes, for example, a
high definition television 116 and a set-top box 118 in
communication with the television 116. The set-top box 118
can, for example, receive the combined video presentation
112 from the content server 102 through a cable television
service and decode the frames of the combined wvideo
presentation 112 for display on the television 116. In some
implementations, the television system 114 includes the
television 116 but does not require the set-top box 118.

As additional examples, the content server 102 can pro-
vide the combined video presentation 112 for presentation to
a user through a mobile device 120 (e.g., a smartphone)
receiving streaming content from a cellular network pro-
vider, or through a computer 122 receiving content from a
streaming media website (e.g., through an Internet, WAN, or
L AN connection). In some implementations, other devices
may be used to recerve the combined video presentation 112,
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such as, for example, PDAs, tablet devices, or other devices
capable of displaying video content.

The content server 102 employs processes for splicing the
primary and secondary video content 104 and 108 such that
all mmformation necessary to display the frames of the
primary video content 104 prior to the splice point and the
information necessary to display the frames of the secondary
video content 108 after the splice point 1s provided to the
display system (e.g., the television system 114, mobile
device 120, or computer 122). For example, turning to FIG.
2A, an example frame display sequence 200 for primary
video content 104 1s displayed. The primary content frame
display sequence 200 shows the order in which a series of
frames of the primary video content 104 are to be displayed
in situations 1 which the primary video content 104 1s not
spliced with other video content. In the example shown, the
display sequence for frames X1-X9 1s displayed. FIG. 2B
shows an example frame display sequence 210 for second-
ary video content 108. The secondary content frame display
sequence 210 shows the order in which a series of frames of
the secondary video content 108 are to be displayed in
situations 1 which the secondary video content 108 1s not
spliced with other video content. In the example shown, the
display sequence for frames Y1-Y4 1s displayed.

Returming to FIG. 2A, during a splicing process for
splicing the primary video content 104 with the secondary
video content 108, the content server 102 1dentifies a splice
point 202 1n the primary video content 104. For example, the
splice point 202 can be 1dentified by meta data included with
the primary video content 104, or can be identified by
analyzing some or all of the frames of the primary video
content 104. The content server 102 can then identily any
B-frames 1n the primary video content 104 that occur within
a specified number of frames prior to the splice point 202.
For example, the content server 102 can access information
for the 20 frames in the primary video content 104 that
immediately proceed the splice point 202 and determine if
any of those 20 frames are B-frames. In the example shown
in FI1G. 2A, assume that the content server 102 has 1dentified
that frames X2 and X4 are both B-frames. In this example,
the content server 102 does not analyze frames X5-X9 to
determine if they are B-frames because they are located after
the splice point 202 1n the primary content frame display
sequence 200.

The content server 102 then determines 1f any of the
identified B-frames located prior to the splice point 202 rely
on information 1n a frame that 1s located aiter the splice point
202 1n the primary content frame display sequence 200. As
described above, a B-frame 1n a compressed video file relies
on information mncluded 1n a frame that 1s located after the
B-frame 1n a display sequence. Therefore, in this example 1n
which frames X2 and X4 have been 1dentified as B-frames,
cach of X2 and X4 rely on information contained in a frame
that appears later in the primary content frame display
sequence 200 to be properly decoded and displayed by a
video display system. Continuing with this example, the
content server 102 can identify that frame X2 relies on
information included 1n frame X3 to be decoded and that
frame X4 relies on information contained 1n frame X6 to be
decoded. For example, frame X2 may include a pointer that
identifies frame X3 as a frame on which frame X2 depends
to be properly rendered and frame X4 may include a pointer
that identifies frame X6 as a frame on which frame X4
depends to be properly rendered. With regard to frame X2’s
dependence on frame X3, the content server 102 determines
that frame X3 1s located prior to the splice point 202 in the
primary content frame display sequence 200. This means
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that frame X3 1s to be included in the combined video
presentation 112 resulting from the splicing of primary video
content 104 and secondary video content 108 because all
frames prior to the splice point 202 in the primary content
frame display sequence 200 are to be displayed as part of the
combined video presentation 112. Being as frame X3 1s to be
displayed as part of the combined video presentation 112,
the content server 102 does not alter any imnformation asso-
ciated with frame X3.

With regard to frame X4’s dependence on information
included 1n frame X6, the content server 102 determines that
frame X6 1s located after the splice point 202 1n the primary
content frame display sequence 200. This indicates that
frame X6 1s not to be displayed in the combined video
presentation 112 when the primary video content 104 1s
spliced with the secondary video content 108. Based on the
determinations that frame X4 depends on information from
frame X6 and that frame X6 1s located after the splice point
202 1n the primary content frame display sequence 200, the
content server 102 can modily time stamp information for
frame X6 to allow frame X6 to be provided to a video
display system (for use 1n properly decoding frame X4)
while also ensuring that frame X6 will not be displayed by
the video display system. For example, the content server
102 can alter a presentation time stamp (P1S) for frame X6
by changing the PTS to a time that 1s prior to the presentation
time of frame X4. For example, the content server 102 can
alter the PTS for frame X6 such that the altered PTS for
frame X6 1s the same as the PTS for frame X2. In some
implementations, the process can be successiully imple-
mented by changing the PTS for frame X6 to any PTS that
1s equal to or earlier than the PTS for frame X3 (i.e., the
frame that immediately proceeds frame X4). In implemen-
tations in which the frame X6 has an associated decoding
time stamp (D'TS), the content server 102 does not alter the
DTS of the frame X6.

The content server 102 can then generate the combined
video presentation 112 by taking frames from the primary
video content 104 and frames from the secondary video
content 108 and placing them i1n a frame transmission
sequence 220 shown 1 FIG. 2C. The combined video frame
transmission sequence 220 shows the order in which the
content server 102 transmits frames for the combined video
presentation 112 to a video display system (such as the
television system 114, for example). The combined video
frame transmission sequence 220 includes all frames from
the primary content frame display sequence 200 that occur
prior to the splice point 202, plus frame X6 due to frame
X4’s dependency on information included in frame X6. The
combined video frame transmission sequence 220 also
includes the frames from secondary content frame display
sequence 210.

The combined video frame transmission sequence 220
includes the frame X6, but the frame X6 will not be
presented by the video display system because the content
server 102 has altered the PTS for frame X6 to indicate a
time that 1s equal to or prior to the PTS for frame X3. In the
example shown in FIG. 2C, the video display system
receives the frames 1n the order shown by the combined
video frame transmission sequence 220. The video display
system will decode the frames 1n the order they are received
and store the decoded frames 1n a frame buller (sometimes
referred to as a decoded picture buller or “DPB”). In this
example, frame X3 1s received and decoded prior to frame
X2 because frame X2 depends on frame X3 to be properly
decoded and displayed. Similarly, frame X6 1s received and
decoded prior to frame X4 because frame X4 depends on
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frame X6 to be properly decoded and dlsplayed Because
frame X6 1s decoded and stored in the frame butler prior to
frame X4, the information included 1n frame X6 necessary
for decoding frame X4 1s available at the time that the video
display system decodes frame X4. Upon decoding frame X4,
decoded frame X4 1s stored in the frame builer.

The video display system then displays the frames 1n the
order specified by the PTSs of the frames. In this example,
the video display system retrieves frame X1 from the frame
bufler and displays frame X1 first followed by frames X2,
X3, and X4. The video display system can analyze the
altered PTS for frame X6 and determine that frame X6 has
already been presented (even though in reality, frame X6
was never presented) due to frame X6 having an altered PTS
that indicates a time equal to or prior to the PTS for frame
X3. Frame X6 1s therefore not presented by the video display
system. The video display system moves on to display
frames Y1-Y2 (1.¢., frames from the secondary video content
108) after displaying frame X4. Frame Y1 can be, for
example, an I-frame and therefore can be decoded and
displayed by the video display system without use of infor-
mation from another frame. The subsequent frames (frames
Y2-4) can be I-frames or P-frames, for example.

In some implementations, the altered PTS for frame X6 1s
determined using one or more factors relating to the PTSs of
other frames, the location of frame X6 1n the primary content
frame display sequence 200, the location of frame X4 in the
primary content frame display sequence 200, the size of the
frame buller, or attributes associated with the frame bufler of
the video display system. For example, 1n some implemen-
tations, the altered PTS for frame X6 1s selected to be equal
to or prior to the PTS for the frame which immediately
proceeds the frame that depends on frame X6. In the
example 1 FIG. 2A, frame X4 depends from frame X6.
Therefore, the PTS for frame X6 1s altered to be equal to or
prior to the PTS for frame X3 (the frame immediately prior
to frame X4 1n the primary content frame display sequence
200). In some mmplementations, the PTS for frame X6 1s
determined, 1n part, based on the amount of time frames are
kept 1n the frame bufler. For example, the PTS for frame X6
must be selected such that frame X6 1s still in the frame
bufler when frame X4 1s decoded. Therefore, the altered PTS
for frame X6 must not be so far back 1n time that the video
display system would purge frame X6 from the frame builer
prior to frame X4 being decoded. For example, if the frame
bufler retains frames for 100 milliseconds (ms) prior to
purging frames from the frame bufler, the content server 102
should set the altered PTS for frame X6 such that it 1s not
more than 100 ms prior to the PTS (or alternatively, the
DTS) for frame X4. In other words, the altered PTS {for
frame X6 can be set such that the altered PTS does not
exceed a threshold time prior to a time stamp associated with
the frame that depends on frame 6. The threshold time can
be determined based on characteristics of the frame bufler,
such as an amount of time that frames are kept 1n the frame
builer.

In some 1mplementations, the PTS for frame X6 1s altered
by a set amount. For example, the PTS for frame X6 1s
altered by 20 ms. In other words, the 20 ms 1s subtracted
from the original PTS for frame X6 to create the altered PTS
for frame X6. As another example, the content server 102
generates the altered PTS by subtracting 100 ms from the
original PTS for frame X6. In other examples, values of 10
ms, 15 ms, 25 ms, or 30 ms can be subtracted from the
original PTS for frame X6 to create the altered PTS {for
frame X6. In some implementations, a time from between 5
ms-150 ms 1s subtracted from the original PTS for frame X6
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to create the altered PTS for frame X6. In some implemen-
tations, the time subtracted from the original PTS for frame
X6 1s 1n the range of 10 ms-120 ms, 15 ms-100 ms, or 20
ms->0 ms.

In some implementations, a threshold value for frame
presentation by a video display device 1s used to determine
the adjustment factor for the altered PTS for frame X6. For
example, a decoder in a video display device may release
video frames when they match the decoder system time
clock (STC) within a certain threshold value. The altered
PTS for frame X6 can be determined using the threshold
value for displaying frames.

In some implementations, when generating the combined
video presentation 112, the content server 102 adjusts the
time stamp (PTS) for each frame 1n the secondary video
content 108 by a delta such that the PTSs for the frames of
the secondary video content 108 dictate that the frames of
the secondary video content 108 are presented after the
frames of the primary video content 104 included in the
combined video presentation 112. In the example shown 1n
FI1G. 2C, the PTSs for each of frames Y1-Y4 can be altered
by a delta value such that frames Y 1-Y4 are presented after
frame X4 1n the combined video presentation 112. The delta
can be, for example, based ofl of the PTS of frame X4. In
some 1mplementations, the delta can be the PTS for frame
X4 plus an amount of time that 1s required between presen-

tations of each frame. For example, 1f the amount of time
between each frame 1s 5 ms, the delta added to the PTSs for
frames Y1-Y4 can be the PTS for frame X4 plus 5 ms. In
some 1mplementations, the PTS for the first non-presented
frame of the primary video content 104 1s used as the delta.
For example, in the example shown 1n FIGS. 2A-C, the delta
added to the PTSs of frames Y1-Y4 can be the PTS of frame
X5 from the primary content frame display sequence 200.

In some 1mplementations, rather than being decoded
according to the order they are recerved, the video display
system decodes frames according to decoding time stamps
(DTSs) associated with the frames. In such implementations,
the content server 102 can alter the PTS for a frame while
leaving the orniginal DTS for the frame to ensure that the
frame 1s decoded at the proper time while also ensuring that
the frame will not be presented by the video display system.
For example, the content server 102 can alter the PTS for
frame X6 (e.g., by subtracting 20 ms from the original PTS
for frame X6) so that the video display system does not
present frame X6. The content server 102 can leave the DTS
for frame X6 as 1s so that frame X6 1s decoded prior to frame
X4 and the information included in frame X6 1s available for
use 1n decoding frame X4.

In some alternate embodiments, methods other than or in
addition to altering a time stamp for a frame can be used to
signal to the video display system that the frame should not
be displayed. For example, refer to the previous example in
which frame X4 depends on information from frame X6 to
be properly decoded, but frame X6 1s after the splice point
202 1n the primary content frame display sequence 200 (and
should therefore not be displayed as part of the combined
video presentation 112). In some implementations, the con-
tent server 102 can set a “do not display” flag associated
with frame X6 prior to transmitting the frame X6 to the
video display system. The video display system can identify
that the “do not display” flag associated with the frame X6
1s set and bypass display of frame X6. As another example,
the PT'S for the frame X6 can be set to a special “tlag” value
to indicate that the frame X6 is to be decoded and stored 1n
the frame butfler by the video display system, but 1s not to be
displayed as part of the combined video presentation 112.
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For example, the content server 102 can set the PTS {for
frame X6 to “—=1” or “0.” This special PTS value for frame
X6 can signal to the video display system that frame X6

should not be displayed.

In some implementations, a portion of the secondary >
video content 108 may be spliced with a portion of the
primary video content 104 at location other than the begin-
ning of the primary video content 104. For example, the
content server 102 can 1dentity a splice point in the second-
ary video content 108. The splice point can indicate a point
(in the time dimension) at which presentation of frames from
the secondary video content 108 within the combined video
presentation 112 should begin. For example, referring to
FIG. 2B, the splice point can be located between frames Y2
and Y3, this can indicate that only frames Y3 and Y4 (and
subsequent frames) should be displayed as part of the
combined video presentation 112 and frames Y1 and Y2
should not be displayed 1n the combined video presentation
112. Continuing with this example, Y3 may be a P-frame 3¢
that depends on mformation from frame Y2 to be properly
rendered. Thus, the video display system that receives and
displays the combined video presentation 112 will require
frame Y2 to accurately decode frame Y 3. The content server
102 can alter at time stamp, such as the PTS, for frame Y2 25
in ways similar to those described above with respect to
frame X6 such that frame Y2 can be transmitted to the video
display system without being displayed by the video display
system. For example, the content server 102 can subtract 20
ms {rom the PTS for frame Y 2. Other factors or methods for 30
generating the altered PTS for frame Y2, such as those
described above for frame X6, can be utilized. The content
server 102 can then transmit frames Y2 and Y3 to the video
display system as part of the combined video presentation
112. The video display system will decode frame Y2 and 35
store 1t 1n a frame builer so that the information 1n frame Y2
1s later available for use in decoding frame Y3. However,
due to the altered time stamp for frame Y2, frame Y2 will
not be displayed by the video display system. This 1s because
when the video display system reads the PTS for frame Y2, 40
the video display system will determine that frame Y2 has
already been displayed (even though 1n reality frame Y2 has
not been displayed) and will therefore bypass display of
frame Y?2.

FIG. 3 1s a flow diagram of an example process 300 for 45
splicing compressed video content. In some 1mplementa-
tions, the process 300 may be performed by the content
server 102 of FIG. 1. The process 300 begins by receiving
primary content and secondary content (310). The primary
and secondary content can be, for example, compressed 50
video content. The primary compressed video content can
be, for example, a television program while the secondary
compressed video content can be, for example, a local news
segment or a promotional video. The primary and secondary
video content can be received from the same content pro- 55
vider or from diflerent content providers.

A splice point in the primary content 1s i1dentified (320).
For example, meta data included with primary video content
can 1dentify a splice point for the primary video content. As
another example, a computing system (such as the content 60
server 102) that recerves the primary video content can
analyze the primary video content to identily a splice point.
The computing system can analyze features of frames 1n the
primary video content to 1dentity one or more ideal splice
points. In some 1implementations, the splice point i1s 1denti- 65
fied by a cue tone included with the primary video content
identifies a splice point 1n the primary video content.
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A particular frame 1n the primary content that 1s located
(1n the time dimension) prior to the splice point and depends
on a subsequent frame located (1n the time dimension) after
the splice point 1s 1dentified (330). For example, presentation
time stamps (P1Ss) associated with frames 1n the primary
video content can dictate a presentation order for the frames
in the primary video content. The computing system can
identify a frame 1n the primary video content that 1s prior to
the splice point that requires information included 1 a
subsequent frame to be properly rendered and decoded. The
computing system can then determine that the subsequent
frame 1s after the splice point (and therefore should not be
presented as part of a combined video presentation that
includes frames from the primary video content prior to the
splice point). The particular frame can be, for example, a
B-frame that relies on information included 1n a subsequent
frame for proper decoding and presentation by a video
display system.

A time stamp for the subsequent frame 1s altered (340).
For example, a PTS for the subsequent frame can be altered
by subtracting an amount of time from the original PTS for
the subsequent frame. For example, 20 ms can be subtracted
from the PTS for the subsequent frame. As another example,
100 ms can be subtracted from the PTS for the subsequent
frame. In some 1implementations, various factors are used 1n
creating an altered PTS for a frame. For example, the
amount of time that a frame 1s kept in the butler of a video
display system can be used as a factor 1n creating the altered
PTS for the subsequent frame. As another example, a length
of a “presentation-zone™ time for a video display system can
be used as a factor 1n altering the PTS for the subsequent
frame. The “presentation-zone” can be, for example, a
threshold time period around a current system time clock
time 1 which frames having PTSs within that time period
are displayed. The length of this presentation time period
can be used 1n determining the altered PTS for the subse-
quent frame. The time stamp for the subsequent frame 1is
altered such that the altered time stamp will be interpreted by
a video display system that receives the subsequent frame 1n
a way that causes the video display system to decode but not
display the subsequent frame. For example, upon reading the
altered time stamp for the subsequent frame, the video
display system can make a determination that the frame has
already been displayed (even though 1n reality, the subse-
quent frame has not been displayed by the video display
system). The video display system will subsequently not
display the subsequent frame.

The subsequent frame (including the altered time stamp
information), the particular frame, and at least a portion of
the secondary content are transmitted to a video display
system (350). For example, referring to FIG. 2C, the com-
bined video frame transmission sequence 220 includes
frame X6 (the subsequent frame which includes an altered
time stamp) and frame X4 (the particular frame that depends
on the subsequent frame to be properly decoded and dis-
played) from the primary video content 104 and frames
Y1-Y4 from the secondary video content 108. In some
implementations, the frames are transmitted 1n an order 1n
which they are to be decoded. In some 1mplementations,
prior to transmitting the portion of the secondary content,
time stamps associated with each of the frames of the
secondary content are altered by a delta factor such that the
transmitted frames of the secondary content are displayed by
a video display system after the particular frame 1s dis-
played.

FIG. 4 1s a schematic diagram of an example of a
computer system 400 that may be used to implement the
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systems and methods described 1n this document. The sys-
tem 400 can be used for the operations described 1n asso-
ciation with the method 300 according to one implementa-
tion.

The system 400 includes a processor 410, a memory 420,
a storage device 430, and an mput/output device 440. Each
of the components 410, 420, 430, and 440 are interconnected
using a system bus 4350. The processor 410 1s capable of
processing instructions for execution within the system 400.
In one implementation, the processor 410 1s a single-
threaded processor. In another implementation, the proces-
sor 410 1s a multi-threaded processor. The processor 410 1s
capable of processing instructions stored 1n the memory 420
or on the storage device 430 to display graphical information
for a user intertace on the input/output device 440.

The memory 420 stores information within the system
400. In one implementation, the memory 420 1s a computer-
readable medium. In one implementation, the memory 420
1s a volatile memory unit. In another implementation, the
memory 420 1s a non-volatile memory unit.

The storage device 430 1s capable of providing mass
storage for the system 400. In one implementation, the
storage device 430 1s a computer-readable medium. In
various different implementations, the storage device 430
may be a floppy disk device, a hard disk device, an optical
disk device, or a tape device.

The 1input/output device 440 provides input/output opera-
tions for the system 400. In one implementation, the input/
output device 440 includes a keyboard and/or pointing
device. In another implementation, the mput/output device
440 includes a display unit for displaying graphical user
interfaces.

Embodiments of the subject matter and the operations
described in this specification can be implemented 1n digital
clectronic circuitry, or 1n computer software, firmware, or
hardware, including the structures disclosed 1n this specifi-
cation and their structural equivalents, or in combinations of
one or more of them. Embodiments of the subject matter
described in this specification can be implemented as one or
more computer programs, 1.€., one or more modules of
computer program instructions, encoded on computer stor-
age medium for execution by, or to control the operation of,
data processing apparatus. A computer storage medium can
be, or be included 1n, a computer-readable storage device, a
computer-readable storage substrate, a random or serial
access memory array or device, or a combination of one or
more of them. The computer storage medium can also be, or
be included 1n, one or more separate physical components or
media (e.g., multiple CDs, disks, or other storage devices).

The operations described 1n this specification can be
implemented as operations performed by a data processing
apparatus on data stored on one or more computer-readable
storage devices or recerved from other sources.

The term ““data processing apparatus” encompasses all
kinds of apparatus, devices, and machines for processing
data, including by way of example a programmable proces-
sor, a computer, a system on a chip, or multiple ones, or
combinations, of the foregoing The apparatus can include
special purpose logic circuitry, e.g., an FPGA (field pro-
grammable gate array) or an ASIC (application-specific
integrated circuit). The apparatus can also include, 1 addi-
tion to hardware, code that creates an execution environment
for the computer program 1n question, €.g., code that con-
stitutes processor firmware, a protocol stack, a database
management system, an operating system, a cross-platform
runtime environment, a virtual machine, or a combination of
one or more of them. The apparatus and execution environ-

10

15

20

25

30

35

40

45

50

55

60

65

14

ment can realize various different computing model inira-
structures, such as web services, distributed computing and
grid computing infrastructures.

A computer program (also known as a program, software,
soltware application, script, or code) can be written 1n any
form of programming language, including compiled or
interpreted languages, declarative or procedural languages,
and 1t can be deployed in any form, including as a stand-
alone program or as a module, component, subroutine,
object, or other unit suitable for use 1n a computing envi-
ronment. A computer program may, but need not, correspond
to a file 1n a file system. A program can be stored in a portion
of a file that holds other programs or data (e.g., one or more
scripts stored in a markup language document), 1n a single
file dedicated to the program in question, or in multiple
coordinated files (e.g., files that store one or more modules,
sub-programs, or portions of code). A computer program can
be deployed to be executed on one computer or on multiple
computers that are located at one site or distributed across
multiple sites and interconnected by a communication net-
work.

The processes and logic flows described 1n this specifi-
cation can be performed by one or more programmable
processors executing one or more computer programs to
perform actions by operating on mput data and generating
output. The processes and logic flows can also be performed
by, and apparatus can also be implemented as, special
purpose logic circuitry, e.g., an FPGA (field programmable
gate array) or an ASIC (application-specific integrated cir-
cuit).

Processors suitable for the execution of a computer pro-
gram include, by way of example, both general and special
purpose microprocessors, and any one or more processors of
any kind of digital computer. Generally, a processor will
receive mstructions and data from a read-only memory or a
random access memory or both. The essential elements of a
computer are a processor for performing actions in accor-
dance with 1nstructions and one or more memory devices for
storing instructions and data. Generally, a computer will also
include, or be operatively coupled to receive data from or
transier data to, or both, one or more mass storage devices
for storing data, e.g., magnetic, magneto-optical disks, or
optical disks. However, a computer need not have such
devices. Moreover, a computer can be embedded 1n another
device, e.g., a mobile telephone, a personal digital assistant
(PDA), a mobile audio or video player, a game console, a
Global Positioning System (GPS) receiver, or a portable
storage device (e.g., a umiversal serial bus (USB) flash
drive), to name just a few. Devices suitable for storing
computer program instructions and data include all forms of
non-volatile memory, media and memory devices, including
by way of example semiconductor memory devices, e.g.,
EPROM, EEPROM, and flash memory devices; magnetic
disks, e.g., mnternal hard disks or removable disks; magneto-
optical disks; and CD-ROM and DVD-ROM disks. The
processor and the memory can be supplemented by, or
incorporated 1n, special purpose logic circuitry.

To provide for interaction with a user, embodiments of the
subject matter described 1n this specification can be imple-
mented on a computer having a display device, e.g., a CRT
(cathode ray tube) or LCD (liguid crystal display) monitor,
for displaying information to the user and a keyboard and a
pointing device, €.g., a mouse or a trackball, by which the
user can provide mput to the computer. Other kinds of
devices can be used to provide for interaction with a user as
well; for example, teedback provided to the user can be any
form of sensory feedback, e.g., visual feedback, auditory




US 10,218,986 B2

15

teedback, or tactile feedback; and mput from the user can be
received 1n any form, including acoustic, speech, or tactile
iput. In addition, a computer can interact with a user by
sending documents to and receiving documents from a
device that 1s used by the user; for example, by sending web
pages to a web browser on a user’s client device 1n response
to requests received from the web browser.

Embodiments of the subject matter described in this
specification can be implemented in a computing system that
includes a back-end component, e.g., as a data server, or that
includes a middleware component, e.g., an application
server, or that includes a front-end component, ¢.g., a client
computer having a graphical user interface or a Web browser
through which a user can interact with an implementation of
the subject matter described in this specification, or any
combination of one or more such back-end, middleware, or
front-end components. The components of the system can be
interconnected by any form or medium of digital data
communication, €.g., a commumnication network. Examples
of communication networks include a local area network
(“LAN”) and a wide area network (“WAN”), an inter-
network (e.g., the Internet), and peer-to-peer networks (e.g.,
ad hoc peer-to-peer networks).

The computing system can include clients and servers. A
client and server are generally remote from each other and
typically interact through a communication network. The
relationship of client and server arises by virtue of computer
programs running on the respective computers and having a
client-server relationship to each other. In some embodi-
ments, a server transmits data (e.g., an HI'ML page) to a
client device (e.g., for purposes of displaying data to and
receiving user input from a user interacting with the client
device). Data generated at the client device (e.g., a result of
the user interaction) can be received from the client device
at the server.

While this specification contains many specific 1mple-
mentation details, these should not be construed as limita-
tions on the scope of any inventions or of what may be
claimed, but rather as descriptions of features specific to
particular embodiments of particular inventions. Certain
teatures that are described 1n this specification 1n the context
ol separate embodiments can also be implemented in com-
bination 1n a single embodiment. Conversely, various fea-
tures that are described 1n the context of a single embodi-
ment can also be mmplemented 1n multiple embodiments
separately or in any suitable subcombination. Moreover,
although features may be described above as acting 1n
certain combinations and even mitially claimed as such, one
or more features from a claimed combination can 1in some
cases be excised from the combination, and the claimed
combination may be directed to a subcombination or varia-
tion of a subcombination.

Similarly, while operations are depicted in the drawings 1n
a particular order, this should not be understood as requiring
that such operations be performed in the particular order
shown or 1n sequential order, or that all illustrated operations
be performed, to achieve desirable results. In certain cir-
cumstances, multitasking and parallel processing may be
advantageous. Moreover, the separation of various system
components 1n the embodiments described above should not
be understood as requiring such separation 1n all embodi-
ments, and 1t should be understood that the described
program components and systems can generally be inte-
grated together 1n a single software product or packaged into
multiple software products.

Thus, particular embodiments of the subject matter have
been described. Other embodiments are within the scope of
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the following claims. In some cases, the actions recited in
the claims can be performed 1 a different order and still
achieve desirable results. In addition, the processes depicted
in the accompanying figures do not necessarily require the
particular order shown, or sequential order, to achieve
desirable results. In certain 1implementations, multitasking
and parallel processing may be advantageous.

What 1s claimed 1s:

1. A computer implemented method comprising:

receiving, by a computing system, first compressed video
content;

recerving, by the computing system, second compressed

video content;

identifying, by the computing system, a splice point for

the first compressed video content;

identifying a particular frame in the first compressed

video content that precedes the splice point;
determining that the particular frame depends on infor-
mation included in a subsequent frame of the first
compressed video content that 1s after the splice point;
altering, by the computing system and 1n response to
determining that the particular frame depends on 1nfor-
mation included in the subsequent frame, time stamp
information of the subsequent frame, wherein altering,
the time stamp information of the subsequent frame
COMPrises:
reading a presentation time stamp value associated with
the subsequent frame;
subtracting a particular value from the presentation
time stamp value; and
storing the resulting value of subtracting the particular
value from the presentation time stamp value as a
new presentation time stamp for the subsequent
frame; and

transmitting, by the computing system and to a video

presentation system, the particular frame, the subse-
quent frame along with the altered time stamp infor-
mation, and at least a portion of the second compressed
video content;

wherein the particular value 1s between 5 ms and 150 ms.

2. The method of claim 1, wherein the particular value 1s
approximately 20 ms.

3. The method of claim 1, wherein the particular value 1s
determined based on one or more characteristics of a frame
bufler of the video presentation system.

4. The method of claim 3, wherein the one or more
characteristics of the frame buller comprises an amount of
time that the video presentation system retains decoded
frames in the frame builer.

5. The method of claim 1, wheremn transmitting the
particular frame, the subsequent frame along with the altered
time stamp information, and at least a portion of the second
compressed video content comprises transmitting the sub-
sequent frame prior to the particular frame and transmitting
the at least a portion of the second compressed video content
alter the particular frame.

6. A computer implemented method comprising:

recerving, by a computing system, first compressed video

content;

recerving, by the computing system, second compressed

video content;

identitying, by the computing system, a first splice point

for the first compressed video content;

identifying a particular frame in the first compressed

video content that precedes the first splice point;
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determining that the particular frame depends on infor-
mation included in a subsequent frame of the first
compressed video content that 1s after the first splice
point;

altering, by the computing system and in response to

determining that the particular frame depends on 1nfor-
mation included in the subsequent frame, time stamp
information of the subsequent frame;

transmitting, by the computing system and to a video

presentation system, the particular frame, the subse-
quent frame along with the altered time stamp infor-
mation, and at least a portion of the second compressed
video content;

identifying, by the computing system, a second splice

point for the second compressed video content;
identifying an additional frame 1n the second compressed
video content that i1s after the second splice point;
determining that the additional frame depends on infor-
mation included 1in a preceding frame of the second
compressed video content that 1s before the second
splice point; and

altering time stamp information of the preceding frame,

wherein altering the time stamp information of the
preceding frame 1s performed (1) by the computing
system, (2) 1n response to determining that the addi-
tional frame depends on mformation included in the
preceding frame, and (3) prior to transmitting the
particular frame, the subsequent frame along with the
altered time stamp 1information, and at least a portion of
the second compressed video content.

7. The method of claim 6, wherein altering the time stamp
information of the subsequent frame comprises:

reading a presentation time stamp value associated with

the subsequent frame;

subtracting a particular value from the presentation time

stamp value; and

storing the resulting value of subtracting the particular

value from the presentation time stamp value as a new
presentation time stamp for the subsequent frame.

8. The method of claim 6, wherein the at least the portion
of the second compressed video includes the additional
frame and the preceding frame.

9. A tangible, non-transitory recordable medium having
recorded thereon instructions, that when executed, cause a
computing system to perform actions that comprise:

receiving first compressed video content;

receiving second compressed video content;

identifying a splice point for the first compressed video

content,

identifying a particular frame 1n the first compressed

video content that precedes the splice point;
determining that the particular frame depends on infor-
mation included in a subsequent frame of the first
compressed video content that 1s after the splice point;
altering, 1n response to determining that the particular
frame depends on information included in the subse-
quent frame, time stamp information of the subsequent
frame, wherein altering the time stamp information of
the subsequent frame comprises:
reading a presentation time stamp value associated with
the subsequent frame;
subtracting a particular value from the presentation
time stamp value; and
storing the resulting value of subtracting the particular
value from the presentation time stamp value as a
new presentation time stamp for the subsequent
frame; and
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transmitting, to a video presentation system, the particular
frame, the subsequent frame along with the altered time
stamp 1nformation, and at least a portion of the second
compressed video content;

wherein the particular value 1s between 5 ms and 150 ms.

10. The recordable medium of claim 9, wherein the
particular value 1s approximately 20 ms.

11. The recordable medium of claim 9, wherein the
particular value 1s determined based on one or more char-
acteristics of a frame buller of the video presentation system.

12. The recordable medium of claim 11, wherein the one
or more characteristics of the frame buller comprises an
amount of time that the video presentation system retains
decoded frames 1n the frame builer.

13. The recordable medium of claim 9, wherein transmait-
ting the particular frame, the subsequent frame along with
the altered time stamp information, and at least a portion of
the second compressed video content comprises transmitting
the subsequent frame prior to the particular frame and
transmitting the at least a portion of the second compressed
video content aiter the particular frame.

14. A tangible, non-transitory recordable medium having
recorded thereon instructions, that when executed, cause a
computing system to perform actions that comprise:

receiving first compressed video content;

recerving second compressed video content;

identifying a first splice point for the first compressed

video content;
identifying a particular frame in the first compressed
video content that precedes the first splice point;

determining that the particular frame depends on infor-
mation included in a subsequent frame of the first
compressed video content that 1s after the first splice
point;

altering, in response to determining that the particular

frame depends on information included in the subse-
quent frame, time stamp mformation of the subsequent
frame:

transmitting, to a video presentation system, the particular

frame, the subsequent frame along with the altered time
stamp 1information, and at least a portion of the second
compressed video content;

identifying a second splice point for the second com-

pressed video content;
identifying an additional frame 1n the second compressed
video content that is after the second splice point;

determining that the additional frame depends on infor-
mation included 1n a preceding frame of the second
compressed video content that 1s before the second
splice point; and

altering time stamp information of the preceding frame,

wherein altering the time stamp information of the
preceding frame 1s performed (1) by the computing
system, (2) in response to determining that the addi-
tional frame depends on information included in the
preceding frame, and (3) prior to transmitting the
particular frame, the subsequent frame along with the
altered time stamp information, and at least a portion of
the second compressed video content.

15. The recordable medium of claim 14, wherein altering
the time stamp information of the subsequent frame com-
Prises:

reading a presentation time stamp value associated with

the subsequent frame;

subtracting a particular value from the presentation time

stamp value; and
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storing the resulting value of subtracting the particular
value from the presentation time stamp value as a new
presentation time stamp for the subsequent frame.

16. The recordable medium of claim 14, wherein the at
least the portion of the second compressed video includes
the additional frame and the preceding frame.

17. A computing system comprising:
a communications interface:

one or more computer readable memories storing execut-
able 1nstructions; and

one or more processors that interact with the one or more
computer readable memories and execute instructions
that cause the computing system to perform operations
comprising;
receiving lirst compressed video content;
receiving second compressed video content;

identifying a splice point for the first compressed video
conftent;

identifying a particular frame 1n the first compressed
video content that precedes the splice point;

determining that the particular frame depends on infor-
mation included 1n a subsequent frame of the first
compressed video content that 1s after the splice
point;

altering, 1n response to determining that the particular
frame depends on information included 1n the sub-
sequent frame, time stamp information of the sub-

sequent frame, wherein altering the time stamp 1nfor-
mation of the subsequent frame comprises:

reading a presentation time stamp value associated
with the subsequent frame;

subtracting a particular value from the presentation
time stamp value; and
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storing the resulting value of subtracting the particu-
lar value from the presentation time stamp value
as a new presentation time stamp for the subse-
quent frame; and
transmitting, to a video presentation system, the par-
ticular frame, the subsequent frame along with the
altered time stamp information, and at least a portion
of the second compressed video content;
wherein the particular value 1s between 5 ms and 150
ms.

18. The computing system of claim 17, wherein the
operations further comprise:

identifying a second splice point for the second com-

pressed video content;
identifying an additional frame 1n the second compressed
video content that is after the second splice point;

determining that the additional frame depends on infor-
mation included 1n a preceding frame of the second
compressed video content that 1s before the second
splice point; and

altering time stamp information of the preceding frame,

wherein altering the time stamp information of the
preceding frame 1s performed (1) by the computing
system, (2) 1n response to determiming that the addi-
tional frame depends on information included in the
preceding frame, and (3) prior to transmitting the
particular frame, the subsequent frame along with the
altered time stamp information, and at least a portion of
the second compressed video content.

19. The computing system of claim 17, wherein the
particular value 1s approximately 20 ms.

20. The computing system of claim 17, wherein the
particular value 1s determined based at least 1in part on an
amount of time that the video presentation system retains
decoded frames in the frame bufler.
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